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(54) External mirror type wavelength tunable laser 



(57) In an extarnal mirror typo semiconductor laser 
composed of a semiconductor User having a structure 
wherein a reflection factor is reduced on one ena p'ane 
thereof, and a lens as well as a grating type reflector 
disposed on the side of the end plane, respectively, the 



lens is shifted in the direction orthogonal to a light axis 
and an incident angle of the light outputted from the end 
plane to the grating type reflector is changed, whereby 
an external mirror type wavelength tunable laser having 
a simple structure and tuning a radiated wavelength can 
be realized (Fig. 1) 
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Description 

[0001] The present invention reiates to an external 
mirrcr type wavelength tunable laser and particularly to 
an external mirror type wavelength tunable laser wn;ch 
can iune the wavelength so as to be used suitafclv fcr 
optical communication 

[0002] In recent years, improvements in performance 
ol computer are remarkafcls so that compuier-ccmputer 
communications are implemented usually in ordinary 
home Furthermore, internet is developed in worid-wide 
scale so that circumstances in communication are 
changed violently. 

[0003] Under these circumstances, information is re- 
quired instantly by one who is concerned with commu- 
nications Upon demand at such request, opttcal-tibcr 
telecommunication system by which a large amount ot 
various information can be transmitted at nigh-speed is 
utilized as the media. 

[0004] Recently, it is required lo transmit at real :ime 
not only character information, but also a variety cf in- 
formation such as stiil image dynamic image and 
speech data, so that high -capacity optical-fiber telecom- 
munication system becomes developed. 
[0005] Moreover, in order to transmit data through an 
optical-fiber telecommunication system over great dis- 
tances, it is required to amplify lightwave signals in the 
course of optical-fiber line. In this respect, introduction 
of erbium doped optical-fiber amplification (EDFA) is 
made also as means for light amplification, 
[0006] When EDFA system is applied as means for 
light amplification, wavelength division multiplex is'oer- 
formed within a wavelength band of EDFA (about 3C nm 
in the existing state) to make mass-storage of data so 
that the above described transmission system is pro- 
ceeding toward practical utilization 
[0007] In this system, a number oi light sources each 
having a specified wavelength are required. In the case 
where a plurality of light sources are used, there are dis- 
advantages of high cost, upsizmg of equipment high 
consumption of energy and the like, and hance. it is de- 
sired to eliminate these disadvantages 
[0008] Accordingly, it is desired to realize a wave- 
length tunable laser in which a wavelength can be tuned 
arbitrarily within the wavelength band cf EDFA re that 
ot about 30 nm. so that the wavelength can be specified 
to a predetermined wavelength 

[0009] Wavelength tunable lasei is classified broadly 
into semiconductor monolithic type and external miner 
type wavelength tunable lasers. As to semiconductor 
monolithic type wavelength tunable laser, the practical 
one which can tune wavelength within a range o; wave- 
length as wide as about 30 nn corrcspcncing to that of 
EDFA is not in existence 

[0010] On the other hsnd there are also such cisad- 
vantages in that a mechanism for roiatmga grating :ypo 
reflector becomes upsizing and the like in ^ven external 
mirrcr type wavelength tunable laser ;r, ihe case where 



such gating type reflector is used as an external mirror 
and if an incident angle ot light outputted to the grating 
reflector is changed for tuning emitting wavelength 
wherein a manner for rotating the grating reflector by the 
s use of a motor and the like manner is applied. 

[0011] Accordingly, it is an ob|ectol the present inven- 
tion to provide an external mirror type wavelength tun- 
able laser having a simple structure and capable of tun- 
ing an emitting wavelength 
io [0012] According to the invention, an external mirror 
type wavelength tunable laser, comprises a semicon- 
w ductor laser having one end plane of a reduced reflec- 
tion factor, a lens provided to face Ihe one end plane of 
the semiconductor laser; a grating type reflector for re- 
's fleeting a light supplied via the lens from the one end 
plane ol the semiconductor: and means tor shitting the 
lens in a direction orthogonal to a light axis of the lens 
to change an incident angle of the light to the grating 
type reflector. 

20 [001 3] It is preferred that the above described shifting 

means is a piezoelectric element. 

[0014] Furthermore, it is preferred that a focal point of 

the lens is set on the above described end plane of the 

semiconductor laser 
25 [00 1 5] Moreover, it is pre ferred that the light outputted 

from the above described end plane is converted into 

parallel light. 

[0016] Further it is preferred that the above described 
lens is an aspherical lens 
30 [0017] The present invention will be explained in more 
detail in conjunction with appended drawings, wherein: 

FIG. 1 is an explanatory diagram showing a consti- 
tution of the external mirror type wavelength tunable 
JS laser according to an embodiment of the present in- 
vention. 

FiG. 2 is a graph indicating an example of charac- 
teristics of a relationship between emitted wave- 
length and moving distance of a lens in the external 
■to mirror type wavelength tunable laser according to 
the embodiment of the present invention: 
FIG. 3 is a graph indicating an example ol charac- 
teristics cf light output versus current in the external 
mirror type wavelength tunable laser according to 
Ji the embodiment of the present invention; and 

FIG 4 is an explanatory diagram showing a consti- 
tution of the external mirror type wavelength tunable 
laser according to anolher embodiment ol the 
piesent invention. 

sc 

[0018] FIG 1 is an explanatory diagram showing a 
constitution ol '.he external mirror type wavelength tun- 
able laser according to the embodiment of the invention 
wherein non-reflection coating is applied to one end 
plane 1 1 cf a semiconductor laser 1 , whereby each re- 
flection factor ol input light and output light is reduced 
in the end plane 1 1 The light outputted from the semi- 
conductor laser 1 is converted into parallel light by 



■to 
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means ol s lens 2 either focal pom; oi which is plsced 
so as lo 'hcq the end plane 1 1 of the semiconductor iaser 
1 

[0019] The lens 2 's movable in a plane orthogonal to 
a direction of laser beam (light axis) outputted from the s 
ond plane i 1 of the semiconductor laser 1 When a po- 
sition of the lens 2 is changed, the direction of laser 
beam outputted from the end plane 11 can be variec 
For Gxampie when the lens 2 has been snitted up to a 
posit:on represented by the broken line ;n FIG l as a 'O 
result ot transferring the lens 2 along the direction rep- 
resented by arrow D in the figure, an outputting direction 
of light changes with an angle B shown in FIG. 1 
[0020] A grating type reflector 3 separates spatially 
the laser beam which was outputted from the end piane '5 
1 1 ol the semiconductor laser 1 and has been converted 
into pa.allel light by means of the lens 2 in each wave- 
length 

[0021] Moreover, another lens 5 is disposed on the 
side of the opposite end plane of the semiconductor la- -° 
ser 1 The lens 5 functions to collect the laser beam out- 
putted from the above desenbed end plane of the sem- 
iconductor laser 1 The laser beam outputted from the 
semiconductor laser 1 is propagated through an optical 
fiber 4. . 

[0022] Any non- reflection coating has not bsen ap- 
plied to the opposite end plane of the semiconductor la- 
ser 1 but in the case of the end plane 11 . so that a res- 
onator is composed of the present end plans and the 
grating type reflector 3 30 
[0023] As mentioned above, the grating type reflector 
3 functions to separate spatially the laser beam which 
was outputted from the end plane 1 1 ot the semconauc- 
tor laser 1 and has been converted into parallel light by 
means of the lens 2 in each wavelength. Thus the wave- 35 
lengths satisfying the resonating condition required by 
the resonator are resiricted so that laser beam ot cre- 
senbed wavelengths can be obtained 
[0024] Furthermore, since an angle at which parallel 
light is inputted to the grating type reflector 3 can be var- -to 
ied by changing a position of the lens 2 as mentioned 
above, a wavelength of the laser beam outputted be- 
comes variable 

[0025] The above-mentioned grating type reflector 
exhibits remarkable wavelength dependency so that 1 ->5 
has a significant reflection factor at a specified wave- 
length In this respect, a wavelength at which the reflec- 
tion factor becomes trie peak varies by changing an in- 
cident angle 9 cf the light to be inputted to the grdting 
type reflector 3 When a wavelength at which the rer'lec- so 
(ion factor becomes the peak is represented by a re- 
lationship between the peak wavelength \ and the angle 
0 of incident light is given by the following squalen M ) 

d>./de - cos O/Nm ■ * \ 

whers N is the number ol grooves per 1 rrm of ;mnc 



and rn is a degree oi diffraction 

[0026] The present embodiment is characterized by 
changing an angle 9 of the incident light applied to the 
grating type reflector 3 by shifting a position of the lens 
2 in the direction orthogonal to the light axis 
[0027] In the present embodiment, the lens 2 is dis- 
posed at a position away from the end plane 11 of the 
semiconductor laser 1 exhibiting a reduced reflection 
factor by a focal length f of the lens 2. and in addition 
the laser beam outputted from the end plane 11 is con- 
verted into parallel light by means of the lens 2 as men- 
tioned above. 

[0028] In this arrangement, a relationship between a 
lens moving distance dx with respect to the light axis of 
the lens 2 and an angle 9 of incident light to the grating 
type reflector 3 is grven by the following equation (2) 

dB/dx-1/f (2) 

[0029] From the above desenbed equations (1) and 
(2). the following ecuation {3) is obtained: 

d^dx = cos B/(Nmf) (3) 

[0030] According to equation (3), the peak wave- 
length of the grating type reflector 3 may be changed by 
shifting a position of the lens 2 in the direction orthogonal 
to the light axis 

[0031] In the following, the invention will be described 
by employing specific parameters. 
[0032] The grating type reflector 3 is used in Lutrow 
mounting wherein primary diffraction is applied in a 
wavelength band of 1550 nm The parameters in this 
situation are as follows 

ccs 0 = 0.893 



N = 500(1, -mm] 



[0033] Fuiiher an aspherical lens having a fecal dis- 
tance f - 600 mm is used as the lens 2. 
[0034] When these numerical values are ass'gned to 
the eauation ;3), it yields: 

d/./dx - 3x 10-3 

[0035] An example of characteristics of the external 
mirror typo wavelength tunable laser according to the 
embodiment of the present invention will be described 
hereinafter 
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[0036] A semiconductor laser used tn the embodi- 
ment was (he ore hnving a gain peak wavelengtn ol 
around 1560 nm. A reflection factor of the end plane 11 
to which non-reflection coating has been applied to re- 
duce the reflection factor is about 0.5%. Measurement 
of the characteristics has been made by utilizing the Mght 
outputted from the optical fiber in FIG 1 
[0037] FIG 2 is a graph indicating an example of char- 
acteristics of a relationship between emitted wavelength 
and moving distance of the lens 2 in the external mirror 
type wavelength tunable laser according to the embod- 
iment of the present invention wherein mark "o" indi- 
cates measured values. 

[0038] As is apparent from FIG 2, radiation of laser 
was confirmed within an extremely wide range cf about 
100 nm extending from 1510 nm to 1620 nm. 
[0039] A rate ct change dk 1 /dx in emitted wavelength 
with respect to a moving distance of the lens 2 is about 
3 9 [nnvmmj = 3.9 x 1 0-3 The result is somewhat larger 
than Ihe above-mentioned calculated value, but enrtted 
wavelength varies in piopoiton to moving distance of 
the lens, whereby appropriateness of the external mirror 
type wavelength unable lasc according to the present 
embodiment was confirmed 

[0040] FIG. 3 is a graph indicating an example of char- 
acteristics of lignt output versus oloctric current in the 
external mirror type wavelength unable laser according 
to the embodiment of the present invention 
[0041] In FIG 3 since the gam peak wavelength of 
the semiconductor laser 1 was m Ihe vicinity of 1560 nm, 
a threshold current value m Ihe vicinity of that wave- 
length is the lowest and the lighl output is also signifi- 
cant, while it is remarkable that threshold current value 
increases and light output decreases at a wavelength 
away from that wavelength of lor example 1515 nm 
and 1616 nm. 

[0042] As described above about 1G0 nm is attained 
as a wavelength tunable range of the external mirror 
type wavelength :unable laser according to the present 
embodiment However, it is considered to be reasonable " 
to use the external mirror type wavelength tunable mir- 
ror within a range of wavelength of around 50 nm in view 
of practical point of view with taking light output and 
threshold current value chaiactenstics into considera- 
tion 

[0043] The external mirror type wavelength tunable 
laser according to another embodiment cl the present 
invention will be described hereinafter. 
[0044] FIG 4 is an explanatory diagram shewing a 
constitution of the external mirror type wavelength tun- 
able laser accorcmg to another embodiment of the in- 
vention wherein .he same or like parts in the present 
embodiment arc designated by tho same reference 
numbers as those of the former embodiment shown in 
FIG. 1, and the explanation therefor is omitted. 
[0045] The external mirror type wavelength tunable 
laser according 'o the present embodiment of the inven- 
tion shown m FIG 4 differs from that ol the former em- 



bodiment shewn in FIG 1 in that a piezoelectric element 
6 is utilized the means for shifting a position of the 
lens 2. 

[0046] An element from which a shilling amount of 
- around 10 mm is obtained by changing an applied volt- 
age from 0 volt to 100 volts was employed as the pie- 
zoelectric element 6. As an actual tunaDle range of 
wavelengtn about 40 nm ranging from 1 540 nm to 1 580 
nm was confirmed. 
to [0047] In order to achieve a wider tunable range of 
wavelength by a smaller moving distance, reduction of 
the number N of grooves in the grating type refl^or 3 
based on the above-mentioned equation (3) as well as 
reduction of a focal distance f of the leans 2 are effective 
is [0048] However, it is not so practical to reduce the 
number N. because it results in decrease in wavelength 
reserving power as well as in diffraction efficiency of the 
grating type reflector. 

[0049] On the other hand, reduction of focal distance 

20 | can be realized by employing a microlens having a 
shorter focal distance f. For instance, when a plate mi- 
crolens is used, a wavelength tunable range of around 
40 nm can be realized by a lens moving distance of 2 to 
3 mm. since such plate microlens has a short focal dis- 

5 = tance cf around a little less than 100 mm. 

[0050] While the present invention has been ex- 
plained in conjunction with the above described embod- 
iments, it is not limited only thereto. 
[0051] For nstance, although an aspherical lens has 

30 been employed as the lens 2 in the embodiment de- 
scribed in relation to FIG. 1 . the same advantageous ef- 
fects can be obtained by employing even another type 
of lens Furthermore, while the lens 2 has been disposed 
at a position away from the end plane 11 of the semi- 

5£ conductor laser 1 having a reduced reflection factor by 
a distance corresponding to the focal distance of the 
Ions 2 in the same embodiment, Ihe position is not lim- 
ited thereto 

[0052] Moreover, while Ihe case where the piezoelec- 
■>o tnc element 6 is used as means for shifting electrically 
a position of the ieans 2 has been described in the latter 
embodiment shown in FIG. 4, the invention is not limited 
thereto 

[0O53] As described above, according to the present 
•»« invention, an external mirror type semiconductor laser 
composed of a semiconductor laser having a structure 
wherein a reflection factor is reduced on one end plane 
thereof, a lens, and a grating type reflector, both the 
members being disposed on the side of the end plane. 
so comprises further means for shifting the aforesaid lens 
m a direction orthogonal to a light axis to change an in- 
cident angle ol the light outputted from the aforesaid end 
plane to the grating type reflector. As a result, tho inven- 
tion exhibits such advantage of being capable of realiz- 
ing a wavelength tunable laser over a wide range of 
wavelengtn cf several tens nm or more 
[0054] It wul be appreciated by those of ordinary skill 
in the art that the present invention can be embodied in 



4 



EP 0 924 821 A1 



specific 'Orms without departing rem the spirit c 
characteristics thereof 



1 An external mirror type semiconcuctor laser com- 
prising 

a semiconductor laser having one end plane of 
a reduced reflection (actor; 
a lens provided to face said one end plane of 
said semiconductor laser; ■» 
a grating type reflector for reflecting a light sup- 
plied via said lens from said one end plane of 
said semiconductor: and 
means for shifting said lens in a direction or- 
thogonal to a light axis of said lens to change 
an incident angle of said light to said grating 
type reflector 

The external mirror type semiconductor lase- as de- 
fined in claim 1 wherein said means for shif'.irc the 
ions is a piezoelectric element 

The laser as defined in ciaim 1 or 2. wherein a posi- 
tion ol either of the focal points of said lens is set 
onto said end plane 

The laser as in claim 1. 2 or 3. wherein ssid lens 
converts the light outputted (rem said end plane into 
parallel light 

The laser as defined in claim I . 2. 3 or 4. wnerem 
saic lens is an asphercal lens 
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FIG. 1 
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FIG. 4 
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